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1. Introduction
Organizedresearchmaybede丘nedastheeconomicsectorwherein
knowledgeisdiscoveredwithaimthatitwileventualybetransformed
intonewskilandnewmaterials. Muchofknowledgecreatedthrough
R&D difersfrom mostgoodsproducedforprivateconsumptioninthat
utilizationofthenew knOwledgebyoneclientdoesnotreducethe
amountavailabletoothers.Sinceforbroadclassesofnew knowledge
thebenefitsarenotfulyappropriablebythefirmsorindustriesthat
incurthecostofproducing them,privatepro魚tisan inadequate
incentivefortheproductionofnewknowledge.Themarket,therefore,
tendstounderestimatetheoptimalamountofnew knowledgeandof
otherpublicgoo'ds.Thefactthatplubliclysupportedresearchunitsare
lessconstrainedbytheneedtorelatereseachexpendituresto.their
abilitytocapturethe､economicgainsfrom theresearchtheyperform
representsthe essentialrationale for public investmentinR&Din
agriculturalsciencesandtechnology. Atthesametime,thepublic
investmentinR&D canbe excessive because ofdi氏cultyofestab-
lishingoperationalcriteriaforthepublicdecisions.Publiclysupported
research,then,maybeviewedasaform ofnonpro負tresearchwhich
presentssubstantialproblem inthealocationofavailableresources
,覧
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withlittledirectguidancefrompric6system.
QuestionsofoptimizationandeMciencyinallocationofresourees
areinrealm'ofecbnomists,regardlessofthesubjectareainwhichsuch、
allocatioptakesplace・Thereareseveralattemptstoestimatemarginal
rateofreturntoR&Dinagriculture.Pioneeringaccomplishment.,in
theestimationofmarginalreturnto、agricqlturalresearchismadeby
Grjliches(1964)inastudywhichincludesagriculturalresearchasa
separatevariablとinanaggregateagriculturalproductionfunction.But
themarginalproductistobeconvertedintomarginalintemalrateof
returntoattain・acomparablemeasurewhichservesforinVes㎞ent
criterion.Evanson(1968)indicatesthattheretumstoR&Dare.1ikely
t6bedistributedov6raperiodoftime,firstincreasingasknowledgeisコ
generatedandadoptedandthendecliningaSthe㎞owledgedepreciates.
InprOductionfunctionapproach,ameanlag(e.g.six二yearIag)could
be'employedsothatthetimedimensionalinputoutputrelationof'R&D
activity』mightbepartlyincorporated・inthemodel,butthetrue
situationWouldbeunduely`oversimplifiedinthemethod.Inviewof
differenttimepattemsofinvestmentinandretumtoR&DbyprOdUctピ
and:typeoftechnology(biologicalormechanicalone),therearemuch
roomsforrefinementintechniquesandforadditionalstudiesonspecific
areasofR&Dinordertoyieldmoredefinitiveestimateofmarginal
intemalrateofret㎜.
Thepurpose,oftheprbsentpaper・istoestin}atemarginalintemal
rateofreturntopublicinvestmentinAIC(artificalinseminationfor
cows)「research.Attelnptismadeateliminatimgthreesourcesofl
upperbiasintheestimation圏byincorporatingdiffusionprocesSofnew,
technology『intoretumfumctionofAICresearch,bybreakingdowna
sumofinvestmentintothebasicinvestment,uptostartingtimeperi～x1
し}脚1・"1 旨
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ofthediffusionandthe .addi-tional.investmentfromthetimeperiodon,
andby .making『allowance'formultiplicativeeffectofsizeofproductionド
uponreturptoR&Dinvestment.Inthe・nextsection,.conceptual
m・deli・describ・d・t・9・th・・ 甲ithec・n・血・t・i・m・d・LIn鰍hi・d
Section,empiricaldataand・estimatesofmargiha1・internalrateofretum
arepresented.Concludingremarksarepresentedinthelastsection。
2.Con(℃ptμalModel
Figure1しrep・eSentSatimedim・n・i・塾alinput・utputre1・ti・n・fAIC
researchactivity..B,referstocurrentexpenditureontheR&Dduring
Figu・…1・p・ ゆ ・・p・hfR"D(Hyp・ ・h・tie・1)1=
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't-[S。P。,+ΣSρffコQ,(1)
wllereSstAndsfor、savedunitcostnetofpublicextensioncostand
privatecon亡ingentc(rstupOnadoptionofcurrentlynewtec㎞ology;1),
forcuπentdiffusionratioat'ofnewte¢ ㎞ology;andQ`forsizeof
＼.
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gestationperiOd(Oti).Totalexpenditureaccu血ulatedoverthegestati㎝
periOdmaybecalledbasicinvestment.R。,treferstocorrespOnding
currentretumtothebasicinvestment.Aperiodoftime'mayelqpse
beforethefeピum1～。,tisrealizedallowingforextensionperiodwhich
involvesdiffusionofinfQrmationabout'newtechnology,1earningby
d・ihg,andifanyrequiredre・・ganizati㎝・f・es・urceu・es・nthesid・
ofadoptingunits.Stillanothertimeperiodmayelapsewithextension
effortsbeforethereturncurvewillreachatitsceilinglevel.
Additi・na1・xpenditur・,C,stibsequentt・th・b・i・investm・nt・enews
tlleceilin
.glevelasthenewtechnologyisbetterdevelopedandbetter
adjustedtoloc琴1needsofadoptersasillustratedbyRi,inFigure1.
ThusreturncurveisshiftedupwardinamannerasindicatedbyR,in
Figure1.TheadditionalexpenditureontheR&Dmaybe 「called
additionalinvestment.Wbereverdiffusioncurvecouldbespecifiedfor
eachofthebenefitofthebasicinvestmentandtheadditionalinvest・
ment,rateofreturntotheinvestmentwouldbeidentifiedforeach,of
th・m.・e即t・ly・C・nv・nti・nalapμ・acheswhi・hn・itheractuallyinco・・
poratethediffusionfunctionofthebenefitofR&Dintotheempirical
retumfunctionnormakeanydistinctionbetweenthebasicihvestment
and'theadditionalinvestmentcaneasllyleadtooverestimationof
marginalrateofreturntotheadditionalinvestment.
LettingR,betotalnetsocialretumtoAICandbemeasuredin
termsofinputssavedwithnewtec㎞010gy,R,maybeexpressedas
follows,
`
児 一
?
?
」
ノ〆
ρ
M・・gina11・t・m・LR・t・fR・t脚t・AICR・ ・ea・ch
.5'・
currentproduction.Subscriptoandirefertαthebasicandtheaddi・
tionalinvestmehtrespectively.S。isa.functionofpasthistoryof・the
basicinvestment.
S。=5。(β 。,B1.… …,.B.-L-1)
S∫=s,(C,)(i=T-L,… …'-L)… …(2)
whereTstandsforstaringtimepefi6dofdiffusionofinitiallynew
te・hn・1・gywhi・hi・p・Oducedbyth・b・ ・i・investm・nt;L
、f・gestati・n
periodofextensionactivity;andαforadditionalinvestment.
1)o,andDitarefunctionsofpasthistoryofexpenditureonextension
andprofitabilityofnewtechnology. 、
D。、=D。(E.-L,ET-L+1,… …,E,.L;S。)
1)ゴ,=1)i(El㌔L,ET_L+1,・・…,E,_L;'Si)'(3)
whefeE'sstandforcurre耳texpendituresonextension.、'
Itislikelythatmarginalreturntocurrentadditionalinvest阻ent
couldbeni1,buttotalnetreturnstoAICwouldbeincreasingsincethe
netreturntobasicinvestment、'aredistributedover・theperiod.TOallow
forthecare,thereturntobasicinvestmentandtheretumtocurrent
additionahnvestmentshouldbebetterseparatedanalytically.
Inordertofacilitateempirical3nalysisoftheretumFfunctionof
AIC『research,thefunctionhastobespecifiedonsome、operational
assumptions.`'
Ass.1
?
?
?
?
?
?
?
?
?
?
?
?
ア 　ム のユ
Sp=βo+β1琴⊇ξち
Si=β2q
か。,=1/(K+NMt-・)
Di,・1/(K十1VMぬ 一L)
Ass.5Q,=Q(t):given
(i=T一 五,… …,t-L)
(卜 τ≧0)
(i=T一 ム …,t-L)
('」i-L≧0)
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Ass.1impliesthatunitcostsavedinconceptionduetotheba忌ic
,investment,inAICresearchdependsuponthetimepattemof .current
'
expenditure・nth・basi・inv・・tm・ntandaminim・lcriti・al・ff・・t血ea・.
suredbythesumofthem.Coemcientβ 。captureStheformereffect
andcceMcientβ、capturesthelatter.Ass.2impliesthatthemarginal
costsavingbyadditionalinvestmentiscommontoallofthecurrent
additionalinvestment.Thisisquiterestri¢tiveassumptionandmay
1,adt。 ・verestimates。fthema,ginalretum.Butth・biasedn・ssin
e・timates9・ul曲・lessen・dby・pPlyi塾gal・garithmi・f・・mt・th・
function.Ass.3andAss.4involvespecificationofdiffusionprocess
forthe.initialformofnewtechnologywhichisproducedbythebasic
investmentandthoseforeachofcurrentlyavailablenewtechnology
whichisproducedbythesubSeqqentinvestment..Itissimplyassumed
thatthqdi伽si6nprocesseslnayfollowtheco皿monlogisticfunctjon
'1
・withK'・fceiling…ffi・i・nt・N・f
.initia11・v・1・・eM・i・ntandM・f
r・tardati・n…伍 ・i・nt・Iti・n・t・dth・tth・f・eezedsem・ntechniqu・has,
・tat't・ddi伽・ingin1965atdiffu・i・n・atiρ・f2・3P・・cent(wheras.th・
diffusionratiois98persentforcooledsemenintheyear)andhasbeen
followingthe.similar,patternofdiffusiontocooledsementec㎞ique.
Thatis,30percentinthreeyearsand55percentinsixyears.Sizeof
.prOductiOn,i.e.thesizeofbreedingmeasuredintermsofnumpierof
・・w・inbt・eding・e・vicei・assum・dt・beex・9・n・u・lygiv・nbyn・g・
ヘ ノ
・1ectingindirectinfluenceofAICtechnologyonthesizeofcowherd.
Itispossibl畔thatnetsocialretumtoAICresearchcguldりeincreased
with.thesizeofcowherdwhichisbroughtaboutbyotherfactorthan
theAICresearchofnilmarginalproductivity.Toallowforthecase,ロ
Ass.5isemployed.Itisnotedthatthisassumptionmayleadto
underestimationofthemarginalbostsavingtot'heextentthatthesi2e
l
?
?
し
'
1
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・f・・wherdd・Pρnd・up・np・ ・fit・bility・fn・wtechn・1・gy・
Thusthenetsocialreturn、functionmaybespecifiedasfollovys,
1～ノQ,==β0∩+β1×1,,+β2Aぐ』,,+ε,
コ アリムコノ
asX1 ,tE(ΣBj)/(K+N〃-T)
ぎ=0
ド る
X,,,…≡Σq/(κ 十 ハTMt一ま一L)
ぎ=T-L
Asdiscribedpreviously,
investmentinAICresearch'is
Thecurrentadditional
「
?
(4)
叩 ・ginaln・t・・cialretu血t・additi・nal
distributedoverthePeriOdofdiffpsion・
investment,Ciyieldsthemarginalnetso¢ial
retu止nin「them-thperiodfolIowingtheinvestment:
MRの 吻=[β・/(K+EMm"L)コQ・'・m
,.、'〈mp--L≧0)…(6)
forthelinearregressionequationintermsofrealvariable忌.And
MR(i)m=:[β・(-5賊 …(K±NMm-・)]Q・m(叫 ≧・)…(7)
fQrthelogarithmiclinearregressionequation.
、Thenthemarginalintemalrateof・returnisdefin(}dasρsuchthat
ド
thefollo吻gequati・nissati・fi・ ¢ ・'
,
ア
1/(1十ρ)-L一濯 μRσ)m/(1+ρ)m"L
O≦ρ≦1.0(8)
wherepreferstoexpectedlifeofthetechnology.
ヒ ロ
3.DataandEstimates、'
InJapan,AICtechnologyhasbeenputintopracticearound1945
t・・eachaしthrl・v・1・fnea・ly100Percent・fdiffu・i・natp・esehtda薯・
Itissaf・t・ ・ayth・tth・R&Dinv・ ・tlnent'inAICh・・'・ta・tedwit・h
th・f・und・ti・n・fLiv・t㏄k層Ex面ment・iStati・n,Mini・t・y・fAgri・y・
?
'
亀
'
」
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1tureandForestryin1916.TheAICmaycontributeto(1)more
effiとienthtilizationofbreedingbulls,(2)acceleratingherdimprove・
血ent,.(3)betterconception,(4)protectionagainstinfectioussterilizing
diseases.Thebenefitof.AICresearchisbroughtaboutbyth6se
'f
actors..Inthepresentpaper,thebenefitismeasuredintermsof
inputssavedinconceptionservicefordairyandbeefcows.Data
.avail・'
abilitylimitsthescopeofanalysistothatofmoreefficientutilization
ofbreedingbulls.Amongthefactorsofbenefit,(3)and(4)canbe
countedin(1)totheextentthattheformerscontributetothelatter.
Therearetwoaltemativewaystoestimatethebenefitofthemore
efficientutilizationofbulls.Theoneistocountnetsavinginthe
costofkeepinganddepreciatiohofbreedingbullswhichwouldbe辱 暫.、
needediftheAICmightnotbeavailable.InputscostofAICpractice
hastobereductedfromthecostsavedtoarriveatthenetsaving(R1,)。
Theoth6ristocountcostdeductionduetolowerchargesofAIC
relativetothoseofnaturalmating(R2,).・
ThecostofAICresearchismeasuredbycurrentexpenditureon ,
Alcrese琴rchatpublicresearchorganizationsincludingcollegesahd
universitiesaswe11asLivestockExperimentalStation,Ministryof
AgricultureandForestry.ExpenditureonextensionservicesforAIC
technologyisdistinguishedfromtheexpenditureonAICresearch.
Usually,theextensionworksforfarmproducersarecarriedoutbyAIC
practicinglicensees(veteraniansandordinaryextensionworkers).The
extensionworksforlicenseesarecarriedoutbyAICsocieties,Though
theextensioncostcanbepartlysubsidisedbythecentral.andlocal
govemments,m()stofthecostseemstobepaidforbyfarmproducers 司
throughtheAIccharges.
う
●、
'
＼
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Figure2.CostandRetum,AICResearch
1916～1975,Japan
'R
etUrn(bil'.¥.).
?
??
?
?
}
C.08言(bil.¥.)
R1,・=(FC,+PEP∂[(9/a)-y']-Pん ・qt、 一 層 ・
1～2,ま=・(PN,-Pん)qt
Ct=1.5(BGT,・θ∂
FC=FeedingcoStperbreedingbul1.
DEP:Dep'reciationcost.perbreedingbull.
O:Sizeofcowherdinbreedingservice...
広Ma伽grateperbullinnatural・mating:40perannumfordairybullsapd80
perannumforl)eefbulls.
y:Actualsizeofbullherd.
P/1:AverageAIC亡ostperconceptionchargedtofarmers.
q:Sizeofcowherdinseminatedartificially.
PN: 、Priceofnaturalmatin.g(=priceofcalfintendaysold).
βGT:AnnualtbtalexpenditureattheLivestockExperimentalStation,.MAF.
θ:RatioofresearchingstaffintheAICandrelatedfieldofstudytothe
totalattheLivestockExperi1nentalStation.1.5(BGT・o)isassu!nedfotth6
nation-widetotalofexpenditUreonAICresearch.
R:AggregatedcostsavedwithAICtechnology. 、
C:CurrentexpenditureonAICresearch.
「
?
t
10
へ
SourcesofData:
?
?
?
?
?
?
??
?
'商¶学 討 究
第29巻 第1号
N6rinsh6,Nδ`hikusanbu's%S6げsα励 ゴC妨3α,廊 ・nβ%ゐ 加C砺 π8ゴ"
Tδゐθゴ,ButsuzaiTδ」晦ei,NδrintδkeiKyδkai,Tokyo(eachyear).、
N6rinsuisanGijutsuKaigi&NihonN6gyδKenky五sho(eds.),S伽、goIVδ8yδ
α ノ駕'3〃Ha'ta's駕s」hi,・Chikusa〃He〃,N5rintδkeiKyδkai,Tokyo1970.
6kurash6Kuninoy∂ εαπ.(eachyear).
MWakabayashi,Hokkaidoハ 馳g獅 ノ雌 δブusei25ム 軌S属Hokkaido
KachikuJink6juseishiKy6kai,Sapporo1970.
t
Figure2presentsthecurrentexpendituresonAICresearch,qand'the
currentnetsocialreturnstothem,R1,and1～2,.Theunitofmeasurefor
bothofthecostandthereturnisabillionofreaLyens(in1970yen). ..
Lenglthoftheupperaxiswhichmeasurestheretumiscontractedbya
ratioof50tothatoftheIowerwhichmeasuresthecost.'・
ThedistinctfeatureofexpenditureonAICresearchisitsstaggeripg
behaviorduringtheperiodofwareconomy,1937-1945.TheAIC
researchhadbeendepressedseriouslyfortheperiodandtheaftermath,
加tassumedrenewinglifebytheendof1950's.Doubtless,thebreak
inuponAICresearchmustlowerefficiency.ofthebasicinvestmentin
AIC.Altemativewaysofesti血ationofnetsocialretumtoAIC・
researchresultindifferent1～1,and1～2,toalargeextent.R2`isnega・
tiveintheperi6d1948F1953asexistingstockofbullsisprovedtobe.
excessivepartlybecauseofintroductionofAICpracticeandpartly
becauseofrunningdown。ofbreedingcowherdduetofoodsho貌tage.葦n
theperiod.1～1,doesnotreflectanyofobsolecsencecostofexisingst㏄k
ofbullsduetoAICtechnology,andsimply.increaseswiththenumber
ofCowsunderAICpracticeand愈ithunitcostsavedbytheAIC
　
practlce.
翠'㌘
「
、
M紅gh・11・t・rnalR・te.'・fR・t・mt6AICR・ ・ea・ch'・ ・伽
Figure3presentsthecurrentdiffusionratioforeachofdairycows
aロdbeefcows.Eigure、4presentsthecu㎡entsizeofdairycowherdin
breedingservicetogetherwiththetotals珍eofdairyandbeefcgwherd
inbreedingservice:'
Theempiricaldiffusionfunction+'ises色imatedfortheweighted
averageofdiffusiohratioofdairyandbeefcows.
D,=
、.。73+、3.k,,(.578)'"R・ 一.99453.(9)
'=(43.90)(38.41)(58.9)
Incorporatingtheempiricallogisticdiffusionfunction'intothe
・egressi・nfun・ti・n④,th・p・qm・t・rsβ・a・eestimat・df・・R2、a・
presentedinTable1.Gestationperiodofextensionworksisassumedto
し
Figure3.Diff・・i・nP・cess・fFigure4.N。mb。,。f。 。wsin
AICTechnology・Breedingservice
●
Coωs
(1,㎜)
Diffusion'一 　
Ratio"1,500・
11111器 ξ8・・…
.6
'4'500
●0
・50・55・60・65・70・75y
。。r10・50.・55・60・65・70・75y。 。。
So駕ゲce:N6rinsh6,Kachiku
Kairygka,Kα(1ゐ∫ゐμ
痂 ゐδノusei
ノ
J`88ん`'」ッδ砂 δ.
So駕7ce:8eεF`8脳 ゲe3.
峯
`
12'
TablelEstimates
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ofCoefficientsoftheNetSocialReturnFunctionofAIC
ム
β 、(
t-ratio)
β,
(t-ratio)
あ
・Const 。 βo
R2
ム
Sゴ(1975)'
M.1.R.implied
InRealVariables(OLS)
?
?
?
?
? R2,R2,/Q,R2,/Q,
(2)(3)(4)'
、
28.0741
(7.0974)
2.92002.69271.3919
(14.994)(10.626)(5.9392)
309.94-489.421423.0
.87407.94301,54168
85.17 37.20 56.69
35.586
(27.093)
.33572
(4.㎜)
-6.・9895
・98254
.33572
14,61
InLogarithm
(OLS)
R2,/Q,'1～2,/Q,
(5)(6)
.90226
(17.072)
.47084.068167
(6.3944)(2.2836)
3.44423.6377
.57930.98332
(1.2473).17640
、9.68 /
1.R・g・e・si・nequati・n・D・ ・P・γ ・=β ・+βX・,・+β ・X・,・+ε ・
1945
2.Incolumns(2),(4)and(6),Xbt≡1(ΣBノ)/[1.073十13.435(.578)t'1947]and
.ノ 司916
まロヨ
X2,蓄≡ ΣCf/[1.073十13.435(.578)t'ゴ'2コ
`21946
ム ヨ
3.Incolumn(1),(3)and(5),X2.,≡Σq
f=1916
、
betwoyears(L=2)inthismode1.Tisassumedtobe1947.Fitness
oftheregressionequationsisgood.Thesignconditionsaresa歪isfied。り
Levelof$ignificanceishighenoughforeachofthecoefficients6x㏄ptみ 　
forβ2、ofthelogarithmicregression・equation(6).C㏄fficients,β2's,ofメ
theadditionalinvestmentsureiycaptureeffectsofthebasicinvest・
mentandthesizeofcowherdwhereverthetotalnetsocialreturnR2,ゑ
isregressedontheadditionalinvestmentonly.β2picksuptheeffectof
thebasicinvestment.Compare1.3919incolumn'(3)with.33572inム
column(4),forexample.Andβ2picksuptheeffectofthesizeofcow
herdonthenetsocialr色turntoo,ドCompare2.9200incolumn(1)with,
ヤ
、」
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1・'3919incolumn(3),or2・6927incolumn(2)with・33572in¢olumn
(4)・B・叫h・1in・arregr・SSi・n・quati・P(4)inrealvariqblesrepresent・
constantmarginalsavinginunitcostSioftheadditionalinvestment.
Tomaketheestimatefreedfr6mtheconstraintofconstancy,line証
・egr・・;ssi・n・quati・血・ nl・9・rithmi・t・m・ ・fall・fth・variabl・・,'d・p・n・
dentandindependent,arerunandthemarginalsavinginunit「costis
assessedatlevelof1975asshowninthe'Iastsecondrowofcolu血ns(5)
and(6)inTable1.TheestimateofSゴtumsouttobe.17640nthe
regression(6),andiscomparedwith.335720ntheregression'(4).The
e・timat・,β,=.1764,i・甘eat・dasanUnbihsed・ ・timat・at・ignificance
levelof5percentinthispaper.
EstimatesofthemarginalintemalrateOfreturntoAICimpliedby
theregression・coefficientsドarepresentedinTable2.Expectedlifeof
thecurrentAICtechnologyisassumed'tobe100years(p=100).And
unchangedsizeoftheindustryisassumedfortheperiod.Themarginal
int・mal・at・fretumt・theadditi・n・linv・tm・nt
.is・9・68percent・n
theestimatedS`of.1ク64
、
?
?
{
Table21ntemalRateofRetumtoAICresearch(%)
1.MarginaIIntemalRate(ρ)P=100years '
Diffusion
Process
ρ
(〆)
Actua1・Diffusion
9.68
(37.20)
HypotheticalInstantaneous
100%Diffusion
56.69
(85.17)
2.AverageInternalRate(σ)
Period 1916・一 1975 1916-2015 1937-2015
σ
(σ')
12.49
(14.64ノ
12.93
(15.50)
21.02・1
(31.55)
!
'
,、
ノ
'
隻
、
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Assumptionofinstantaneous100percentofdiffusion・ofnewtech・
nology(orcompleteneglectofdiffusionprdCeSS)mayleadtos玉gnifi・
cantlyupperbiasedestimateofthemarginalinternalrate,i.e.56.69
percent.
Iti・n・t・d.th・tifmultiplicativeeffect・f・ize・f・・wherd・nth・
』
totalnetsoci巨lreturntoAICresearchisnotseperatedfromthatofth号
investmentinAICresearch,orifR2,insteadofR2,/Q,isregressedonthe
る
addition包linvestment(β2=2.6927isresultedin),themarginal
.intemal
ratewilltumouttobe37.20percent,thatis3.8timesashighas、the
truerate,of9.68percent.(MR(1975)餌 ・=[2.6927/(K+NM粥 一2-1)コQ1975+m
insteadofMR(1975)卿=し1764/(K十 ハrMm-2.1)コQ197s+misemployedhere).
AtaglanceoverFigure2,0nemightsuspectthattheAICre・
'
searcherscouldtakeadvantageofexpansionofthe' 、industryinresource
allocationattheirresearchorganizationswhetheriis』marginalprOduC-
『
tiVitywouldbenilornot.Itisnotthe .casefortheAICresearch.The
currentadditionalinvestmentinAICresearchmaybejustifiedonthe●
marginalintemalrateofretumwhichiscomparabletosoci琴laver'age
(9.68).
Averageintemalratesofreturnarefiguredoutaswellasthe
marginalinTable2.σiscalculatedforthenetcashflowoftheAIC〆
activity(1～2凄一X1」-X,).'σ'iscalculatedforaltemativemeasureofthe
netcashflow(R2,-B,-C,)whichneglectstimingQfretumoninvest・
ment.Thereisnotmuchdifferencebetweenthem.Theaveragerates
donotdiffermuChbythelengthofexpectedlifeofthetechnology
either.Fortheperiod1916一ユ975theaveragerateis12.49percent,foゴ
theperiod1916-2015itis12.93・percent,(PtOvidedthatthe'nbt.cash
flowin1975wouldbekeptafterwards).However,theydodiffermuch
bythetimingofthebasicinvestmentasonee琴pects.Lettheintemlp・
「
ず
」
MarginalInternalRat60fRetumtoAICResearch15
tionOfwareconomゾdisappearandthusthegestation.periOdofbasic
investment"befrom1937-1945,thentheaverageintemalrateofreturn
wouldbeas21.02percentashighgiventhesumofbasicinvestment.
4.ConcludingRemark
Threesourcesofupperbiasednessinestimationofunitcostsaved
ininsemination『for『cowsowingt6AK⊃researcharediscussedinthe
preseritpaperlTheyare(1)thediffusionprocessofnewtechnology,(2)
themixingofthebasicinvestmentandtheadditionalonessubsequent
t・,th・f・m・・,(3)th・multiplicativeeffect,Ofthe・ize・fth・indu・try.
OrderofthemagnitudeisiUustratedforeachofthesources.Inview「
ofthemagnitudeofupperbiasedness,creditishardlYgiventoany
es走imatesofmarginalintemalrateofretumormargina1、returntoAIC
researchthat町gderivedwithoutallowingforthethreesourcesof
upperbiasedness.Needlesstosay,upperbiasednessofcoefficielltof
血arginalretur喚thatcanbeestimatedbysimplyregressingcurrent
retumoncurr6ntexpenditureonAICresearchiSoutofquestion.Itis
notedthattherearemuchroo血sforrigoreusanalysisofthediffusion
processoftechnology.Inparticular,howthediffusionprocessis
generatedbyeachofR&Dactivitiesandextensionworksiscriticalto
theanalysisaポhandinthepresentpaper.Ifthediffusionprocess
shouldbeessentiallygeneratedbyR&D,theallegedsourcesofupper
biasedness(1)mightbeuntenable.,
Logisticdiffqsionfunctionis'employedintheanalysisofthe
presentっaperwithoutallowingfordepreciationofthetechonlogydue
tonewknowledge.Thismayoverestimatethemarginalretumonthe
basicinvestmentand.underestimatethatoftheadditionalinvestment.
、
?
??
、
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Buttheintemalrateofreturnwillnotbe.affectedsomuchsince『
disρountfactorsareraisedt6thehigherpowerinthedistantfuture.の
OnemightarguethatAICtechnologywouldcontributetohigher
,efficiencyinmilkandbeefproductionthroughaccelerationof ,h皐rd
improvement.Butbothloctationandfateningaredependentupon
『f
・eding・pdmanag・m・nt・ 駅ntially・亘ndarep・t・fheredi町nature
basically.Castofinseminationaccountsforonly1.3.or2.Opercentof
totalproductioncostofmilkorbeef.ThustheAICtec㎞010gycan
ha・dly・ ・nt・ibut・mu・ht・c・ ・tredu・ti・ninth・indU・ 血γun1・mspar-
ticul琴rgeneticstrainofcowrendershigheconomicvalue.
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